Various conditions were evaluated and modified to improve the sensitivity of the serum neutralization (SN) test for detecting antibody in pigs infected with porcine reproductive and respiratory syndrome virus (PRRSV). Higher SN titers were consistently obtained by the addition of 20% fresh swine serum to the virus diluent and by the use of a permissive cell clone (MARC-145) derived from the MA-104 cell line. Test sera used to assess the SN test were obtained from 2 groups of3-week-old pigs infected intranasally with PRRSV (MN -I b). Using the modified method, SN antibody was first detected 9-11 days postinoculation (PI), with a peak evident at 11-21 days PI. The antibody subsequently declined, and a second peak was observed between 41 and 45 days PI. The first antibody peak was not observed and the SN antibody was only detectable between 32 and 41 days PI when the test was done with 20% heated swine serum or without supplemental swine serum. The SN antibody during 2-3 weeks PI was found to be sensitive to 2-mercaptoethanol or anti-swine IgM treatment. The SNantibody titers were high when homologous PRRSV isolate was used in the test but were markedly low for heterologous PRRSV isolates. No difference in antibody titers was observed when homologous and heterologous PRRSV isolates were tested by indirect fluorescent antibody assay. These results indicate that the modified SN method is useful in detecting earlier and higher PRRSV antibody and that it can differentiate among PRRSV isolates.
Materials and methods
macrophages as the target cells, whereas the SN test cannot utilize swine alveolar macrophages" but instead utilizes the CL 2621 line cells. The CL 2621 cells are not readily available because of their proprietary status." Consequently, a more sensitive system using a universal cell line is needed to detect SN antibody for PRRSV. Recently, a high permissive cell clone (MARC-145) was established from a monkey kidney cell line (MA-104). 7 The objectives of this study were to describe a modified SN test method and to investigate SN antibody response in pigs infected with PRRSV by the modified method.
Virus and cellculture. PRRSV MN-l b l3 was the primary virus isolate used in the SN test. In addition, two isolates designated as MN-W and MN-H were also used. MN-W was isolated from pigs on a farm in Iowa with severe PRRS signs, and MN-H was isolated from a Minnesota farm with mild PRRS signs. All three isolates were purified 3 times by the plaque method as previously described.s A permissive clone (MARC-l 45)7derived from an African green monkey kidney (MA-I04) cell line was used for virus propagation. The MARC-145 cells were maintained in Eagle's minimum essential medium (MEM) supplemented with 3% fetal calf serum (FCS), 0.15% sodium bicarbonate, and antibiotics.
Test sera. Sera were collected from pigs experimentally infected with PRRSV MN-l b in our previous studies.v» Two groups of 4 specific-pathogen-free pigs were infected intranasally at 3 wk ofage with PRRS vs (MN-l b), and serum 289 Porcine reproductive and respiratory syndrome (PRRS) has recently been recognized as an important disease in the swine industry of North America and Europe.2-s. 8.12.13 The syndrome includes various forms of reproductive failure in pregnant sows and respiratory disease in young pigs. Etiology of the syndrome is now well identified, and major characteristics of PRRS virus (PRRSV) have been investigated.v-'<" The virus is closely related to equine arteritis virus and lactate dehydrogenase-elevating virus ofa new family, the Arteriviridae,? Different serologic tests have been developed to detect antibodies to PRRSV in swine sera. These tests include immunoperoxidase monolayer assay (IPMA),12 indirect fluorescent antibody (IFA) assay, 14 enzyme-linked immunosorbent assay, 1 Received for publication October 21, 1993. 
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• Sera were obtained at 0, 28, and 56 days PI from pigs inoculated with PRRSV MN-Ib. samples were collected at different intervals until 28 or 56 days PI.
Serum neutralization test. For the modified SN test, fresh serum was collected from 3-8-mo-old pigs that had no history of PRRS and were seronegative for PRRSV antibody. The serum was stored at -70 C.
All test sera were heated at 56 C for 60 min and were diluted 2-fold serially in flat-bottom 96-well microtiter plates using MEM with 3% FCS as a diluent. To each dilution, PRRSV (MN-I b) was added after dilution to 100 TClD so in the above diluent supplemented with 20% fresh swine serum. After mixing, plates were incubated at 37 C for I hr, and MARC-145 cells suspended in 100 ILl ofMEM with 3% FCS (1-5 x 10' cells/ml) were added to each well. The SN titers were expressed as the highest dilution ofsera that neutralized cytopathic effects after 5 days of incubation at 37 C in an atmosphere of 5% CO 2 , Back titration of the virus was performed each time to confirm that 100 TCID so of virus were used. Each sample was run in duplicate, and the mean titer was calculated.
Indirectfluorescent antibody test. The sera were also tested by the IFA method as previously described.v' The 96-well test plates were prepared using MARC-145 line cells rather than swine alveolar macrophages.
The effect of 2-mercaptoethanol or anti-swine IgM treatment on SN titer. Selected serum samples were treated with 2-mercaptoethanol (2-ME) or anti-swine IgM. For 2-ME treatment, 0.3 ml of serum was mixed with an equal volume of 0.2 M 2-ME solution in phosphate-buffered saline (PBS; 0.14 M NaCI, 0.01 M phosphate, pH 7.2) and incubated at 4 C for 24 hr. The mixture was dialyzed against PBS at 4 C for 2 days. The serum samples (0.1 ml) were mixed with an equal volume of anti-swine IgMb (1.0 mg/rnl) in PBS and incubated at 37 C for I hr. Untreated samples were prepared similarly by adding PBS in the same volumes as 2-ME or anti-swine IgM. Both treated and untreated sera were tested by the modified SN method for comparison. 
Results
Standardization of SN test. Higher SN titers were consistently obtained when virus diluent was supplemented with fresh pig serum at a final concentration of~20% (Table 1 ). There was no major difference in SN titers when MARC-145 cells ofdifferent ages were compared (Table 2) . Also, no major difference in SN titers was obtained when different batches offresh swine sera were used as supplement.
Antibody response in experimentally infected pigs. The SN antibody response in experimentally infected pigs is shown in Fig. 1 . The SN antibody with supplemental fresh serum was first detected at 9-11 days PI, and the first antibody peak was evident between 11 and 21 days PI. After a period of antibody decrease, a second antibody peak was observed between 41 and 45 days PI. The first antibody peak was not observed when the virus diluent was supplemented with 20% swine serum heated at 56 C for 30 minutes or when there was no added serum in the diluent. The SN antibody without supplemental fresh serum was detectable after 32-41 days PI with titers as much as 24 times lower than those with supplemental fresh serum.
Effect of 2-ME or anti-swine IgM treatment. The SN titers of the experimental sera were compared before and after treatment with 2-ME or anti-swine IgM ( Table 3 ). Reduction of 4-8 times in SN titers was recorded with sera obtained 14-21 days PI, but little Table 4 . Comparison of reciprocal titers for different PRRSV isolates tested by the modified SN and IFA methods.
• Pigs were inoculated with PRRSV MN-l b at 3 wk of age, and sera were collected 56 and 28 days PI. t -= <1:2. ure are not known, but the early antibody may have lower binding affinity to the virus or a decreased ability to neutralize viral infectivity. In general, virus neutralization by early antisera is enhanced by the presence of complement. The fresh serum used in the test may provide the complement, and therefore higher titer could be detected. The requirement of fresh complement or high antibody: virion ratios in neutralization of other arteriviruses is well documented. 10.1 I Most obvious titer differences between modified and conventional methods were observed with sera during the initial antibody peak. The neutralizing antibody with these sera appears to be highly dependent upon fresh serum but later to be only partially dependent. The antibody during the earlier stage appeared to be IgM class, because 2-ME oranti-Iglvl serum treatment caused a 4-8 times decrease in titer.
Obvious differences in SN titers were also observed when homologous and heterologous viruses were com- Table 3 . Effectsof2-mercaptoethanol (2-ME) or anti-swine IgM treatment on SN titer ofsera from pigs infected experimentally with PRRS virus. 
Discussion
The serologic diagnosis ofPRRSV infection has been mostly carried out using the IFA method. The IFA method is a simple test to detect antibodies reacting only to PRRSV-infected cells. It is necessary to develop a sensitive method to measure antibody neutralizing live-intact virus. The modified SN method reported here could fill such a demand. The keys in the modified test were supplementation of virus diluent with fresh swine serum and the use ofhighly permissive indicator cells. The use of 20% fresh serum and the cells in suspension were the choices in the test, because no difference was found in SN titers at serum concentrations between 20% and 40% and between different ages ofthe cell monolayers. Heat inactivation ofall test sera was necessary because the sera may have been collected during a viremic period.
The modified test detected earlier antibody with higher titers, whereas the conventional method failed to detect any early antibody. Mechanisms for the fail-or no change in titers was recorded in sera obtained 45-56 days PI.
Comparison of antibody titers to different PRRSV isolates. No difference in antibody titers by IFA method was observed when sera ofpigs infected with PRRSV (MN-Ib) were tested using MARC-145 cell monolayers infected with MN-Ib, MN-W, or MN-H isolate. However, 4-64 times lower SN titers were observed when the sera were tested with MN-W or MN-H isolate, compared to SN titers for the MN-I b isolate (Table 4). pared in the test, whereas these differences were not observed in the IFA test. This indicates the presence of antigenically related PRRSV that may be classified into different serologic groups. Further analysis of the cross reactivity is needed using many different PRRSV isolates and specific antiserum to each isolate. In conclusion, the modified SN method is useful in serodiagnosis for PRRSV infection in swine and possibly as a tool for the differentiation of serologic groups of PRRSV isolates.
